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(54) VARIABLE GAIN AMPLIFIER WITH SUBTHRESHOLD BIASING

(57) This disclosure is directed to reducing output
voltage distortions of Variable Gain Amplifiers (VGAs).
A VGA (100) may include a number of amplifiers (102,
104, 106) each providing a portion of a total gain of the
VGA (100). For example, a processing circuit may select
one or more of the amplifiers (102, 104, 106) of the VGA
(100) to provide the output signal with a selected gain.
However, the selected amplifiers may provide amplified
signals with one or more distortion signals when receiving
a bias voltage. Systems and methods are described to
reduce or cancel the distortion signals of the selected
amplifiers by providing a subthreshold nonzero bias
voltage , e.g., a weak voltage (VST), to the remaining,
e.g., non-selected, amplifiers of the VGA (100). For ex-
ample, the non-selected amplifiers may receive the weak
voltage (VST) to provide distortion signals with similar
voltage amplitude and out of phase compared to the dis-
tortion signals of the selected amplifiers.



EP 4 293 899 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

[0001] The present disclosure relates generally to
wireless communication, and more specifically to signal
distortions of transmission signals, reception signals, or
both, in variable gain amplifiers of wireless communica-
tion devices.
[0002] In an electronic device, such as a wireless com-
munication device, a variable gain amplifier may amplify
a voltage of input signals. The variable gain amplifier may
include a number of selectable amplifiers to amplify the
input signal with a gain factor. For example, a transceiver
of a radio frequency front-end circuit may include one or
more variable gain amplifiers to amplify a voltage of re-
ceived signals, amplify a voltage of transmission signals,
or both. In different cases, the variable gain amplifier may
apply a different gain factor to the input signals based on
a different selection of the selectable amplifiers. Howev-
er, the selected amplifiers, in operation, may generate
one or more distortion signals when the variable gain
amplifier provides an amplified output signal.

SUMMARY

[0003] A summary of certain embodiments disclosed
herein is set forth below. It should be understood that
these aspects are presented merely to provide the reader
with a brief summary of these certain embodiments and
that these aspects are not intended to limit the scope of
this disclosure. Indeed, this disclosure may encompass
a variety of aspects that may not be set forth below.
[0004] In one embodiment, a variable gain amplifier
circuit is described. The variable gain amplifier may in-
clude an input terminal, an output terminal, a biasing cir-
cuit that provides a bias voltage equal to or above a bias
voltage threshold, and a subthreshold biasing circuit that
provides a subthreshold nonzero bias voltage below the
bias voltage threshold. The variable gain amplifier may
also include a first amplifier having a first input coupled
to the input terminal, a second input that couples to the
biasing circuit, and a first output coupled to the output
terminal. The variable gain amplifier may further include
a second amplifier having a third input coupled to the
input terminal, a fourth input that couples to the sub-
threshold biasing circuit, and a second output coupled to
the output terminal.
[0005] In another embodiment, an electronic device is
described. The electronic device may include one or
more antennas and a variable gain amplifier coupled to
the one or more antennas. The variable gain amplifier
may include a first amplifier having a first input that re-
ceives a bias voltage equal to or greater than a bias volt-
age threshold to provide an amplified signal with one or
more distortion signals. The variable gain amplifier may
also include a second amplifier having a second input
that receives a subthreshold nonzero bias voltage below

the bias voltage threshold to provide a first distortion can-
celling signal.
[0006] In yet another embodiment, a method is de-
scribed. The method includes receiving an indication to
amplify a signal with a gain by a processor communica-
tively coupled to a variable gain amplifier circuit. The
method includes determining one or more amplifiers of
the variable gain amplifier circuit to provide the signal
with the gain by the processor. Moreover, the method
includes causing a biasing circuit to provide a bias voltage
equal to or higher than a bias voltage threshold to the
one or more amplifiers to amplify the signal with the gain
by the processor. The method further includes causing
a subthreshold biasing circuit to provide a subthreshold
nonzero bias voltage below the bias voltage threshold to
one or more amplifiers of remaining amplifiers of the var-
iable gain amplifier to provide a distortion cancelling sig-
nal to cancel at least a portion of distortions of the am-
plified signal by the processor. Furthermore, the method
includes causing the variable gain amplifier to output a
combination of the signal and the distortion cancelling
signal by the processor.
[0007] Various refinements of the features noted
above may exist in relation to various aspects of the
present disclosure. Further features may also be incor-
porated in these various aspects as well. These refine-
ments and additional features may exist individually or
in any combination. For instance, various features dis-
cussed below in relation to one or more of the illustrated
embodiments may be incorporated into any of the above-
described aspects of the present disclosure alone or in
any combination. The brief summary presented above is
intended only to familiarize the reader with certain as-
pects and contexts of embodiments of the present dis-
closure without limitation to the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Various aspects of this disclosure may be better
understood upon reading the following detailed descrip-
tion and upon reference to the drawings described below
in which like numerals refer to like parts.

FIG. 1 is a block diagram of an electronic device,
according to embodiments of the present disclosure;
FIG. 2 is a functional diagram of the electronic device
of FIG. 1, according to embodiments of the present
disclosure;
FIG. 3 is a schematic diagram of a transmitter the
electronic device of FIG. 1, according to embodi-
ments of the present disclosure;
FIG. 4 is a schematic diagram of a receiver of the
electronic device of FIG. 1, according to embodi-
ments of the present disclosure;
FIG. 5 is a schematic diagram of a variable gain am-
plifier (VGA) of the electronic device of FIG. 1 includ-
ing three amplifiers, according to embodiments of
the present disclosure;
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FIG. 6 is a schematic of a subthreshold biasing circuit
of the electronic device of FIG. 1 and electrically cou-
pled to the VGA of FIG. 5, according to embodiments
of the present disclosure;
FIG. 7 is a graph of a distortion signal and a com-
pensated distortion signal of an output of the VGA
of FIG. 5, according to embodiments of the present
disclosure;
FIG. 8 is a flowchart of a process for generating the
output signal of the VGA of FIG. 5 with reduced dis-
tortion, according to embodiments of the present dis-
closure; and
FIG. 9 is a graph illustrating reduction of electrical
power of distortion signals of the variable gain am-
plifier of FIG. 5 based on providing different nonzero
subthreshold bias voltages to non-selected amplifi-
ers, according to embodiments of the present dis-
closure.

DETAILED DESCRIPTION OF SPECIFIC EMBODI-
MENTS

[0009] When introducing elements of various embod-
iments of the present disclosure, the articles "a," "an,"
and "the" are intended to mean that there are one or more
of the elements. The terms "comprising," "including," and
"having" are intended to be inclusive and mean that there
may be additional elements other than the listed ele-
ments. Additionally, it should be understood that refer-
ences to "one embodiment" or "an embodiment" of the
present disclosure are not intended to be interpreted as
excluding the existence of additional embodiments that
also incorporate the recited features. Furthermore, the
particular features, structures, or characteristics may be
combined in any suitable manner in one or more embod-
iments. Use of the terms "approximately," "near," "about,"
"close to," and/or "substantially" should be understood
to mean including close to a target (e.g., design, value,
amount), such as within a margin of any suitable or con-
templatable error (e.g., within 0.1 % of a target, within
1% of a target, within 5% of a target, within 10% of a
target, within 25% of a target, and so on). Moreover, it
should be understood that any exact values, numbers,
measurements, and so on, provided herein, are contem-
plated to include approximations (e.g., within a margin
of suitable or contemplatable error) of the exact values,
numbers, measurements, and so on.
[0010] This disclosure is directed to signal distortion
compensation in variable gain amplifiers (VGAs). A VGA
may include a number of selectable amplifiers to amplify
input signals. The selectable amplifiers may each have
a gain (e.g., a gain factor). Moreover, the gain of selected
amplifiers of the VGA may have an additive effect. For
example, the VGA may combine amplified output signals
of the selected amplifiers to provide a VGA output signal
with a total gain. Accordingly, the total gain of the VGA
may include a combined gain of the selected amplifiers.
[0011] Radio frequency (RF) circuitry of a wireless

communication device (e.g., a smartphone) may include
one or more RF transceivers having one or more VGAs.
The RF circuitry may also include one or more antennas
to receive and transmit signals (e.g., RF signals). In some
cases, a processing circuitry of the wireless communica-
tion device may activate or select (e.g., provide instruc-
tions to select) one or more selectable amplifiers of a
VGA to amplify transmission signals or reception signals
with a total gain.
[0012] The wireless communication device may in-
clude a biasing circuit and a subthreshold biasing circuit
electrically coupled to the one or more VGAs. The biasing
circuit may provide a bias voltage to the activated or se-
lected amplifiers of the VGA. The bias voltage may be
higher than a voltage threshold of the selectable ampli-
fiers (e.g., an ON voltage threshold). For example, each
of the activated or selected amplifiers may amplify the
input signals with a respective gain to provide an ampli-
fied output signal when receiving the biasing voltage. Ac-
cordingly, the VGA of the RF circuitry may provide the
amplified transmission signal (e.g., the VGA output sig-
nal) to the one or more antennas for transmission and/or
provide the amplified received signal (e.g., the VGA out-
put signal) to one or more downstream components (e.g.,
the processing circuitry) for processing.
[0013] In some cases, in operation, one or more of the
activated amplifiers of the VGA may generate one or
more distortion signals when the VGA provides an am-
plified output signal. For example, a nonlinear signal
transfer function of one or more elements of an activated
amplifier (e.g., one or more transistors) may generate
the distortion signals. If not compensated for, the distor-
tion signals of the selected amplifiers may cause devia-
tion and/or non-linear behavior of the amplified output
signal and/or the VGA output signal. Moreover, the dis-
tortion signals may disturb one or more operations of the
downstream components (e.g., the processing circuitry).
[0014] With the foregoing in mind, the activated ampli-
fiers of the VGA may generate the distortion signals within
a voltage magnitude range when receiving the bias volt-
age. Moreover, different activated amplifiers having dif-
ferent gains may provide distortion signals within the volt-
age magnitude range. The disclosed embodiments sup-
ply a nonzero subthreshold bias voltage (e.g., below 0.1
microvolt (mV), below 0.5 mV, below 0.1 millivolt (mV),
below 0.1 volt (V), and so on) to one or more of remaining
deactivated or non-selected amplifiers of the VGA, caus-
ing the one or more deactivated amplifiers to also gen-
erate distortion signals within the voltage magnitude
range, which may at least partially cancel or compensate
for the distortion signals generated by the activated am-
plifiers. In particular, the nonzero subthreshold bias volt-
age may be below the ON voltage threshold of the se-
lectable amplifiers of the VGA. For example, the one or
more elements of the selectable amplifiers may provide
the distortion signals when receiving the nonzero sub-
threshold bias voltage.
[0015] The subthreshold bias voltage may be deter-
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mined during manufacturing or during operation of the
wireless communication device after manufacturing. For
example, different amplifiers (or combination of amplifi-
ers) of the selectable amplifiers may provide different dis-
tortion signals when receiving the bias voltage (or when
activated). Each of the activated amplifiers (or combina-
tion of the activated amplifiers) may provide different dis-
tortion signals with the amplified output signals.
[0016] In different cases, an activated amplifier may
provide one or more unique distortion signals based on
device or component size variations, device or compo-
nent type variations, configuration variations, and/or as-
sembly process variations, among other things. Accord-
ingly, the subthreshold biasing circuit may provide a dif-
ferent subthreshold bias voltage for generating the dis-
tortion cancelling signals when different set of amplifiers
of the VGA are activated. In some cases, multiple sub-
threshold bias voltages may be stored in a non-transitory
memory device (e.g., in the form of a lookup table). Ac-
cordingly, the subthreshold bias voltage may be selected
and/or provided to the non-selected amplifiers based on
the activated amplifiers of the VGA.
[0017] Compensating for the distortion signals of the
activated amplifiers by the remaining deactivated ampli-
fiers of the VGA may cancel or reduce at least some
deviations and/or non-linear behavior of the VGA output
signal. Moreover, compensating for the distortion signals
of the activated amplifiers may improve a signal to noise
and distortion ratio (SNDR), signal to noise ratio (SNR),
a signal distortion ratio (SDR), and/or an Output Third-
Order Intercept Point (OIP3) of the VGA. Furthermore,
the VGA, and in turn the RF circuitry and the wireless
communication device, may use a smaller area (e.g.,
footprint) to cancel (or reduce) an electrical power of the
distortion signals based on using the deactivated ampli-
fiers to cancel (or reduce) the electrical power of the dis-
tortion signals of the activated amplifiers.
[0018] FIG. 1 is a block diagram of an electronic device
10 (e.g., a wireless communication device, a mobile com-
munication device, a smartphone, and so on), according
to embodiments of the present disclosure. The electronic
device 10 may include, among other things, one or more
processors 12 (collectively referred to herein as a single
processor for convenience, which may be implemented
in any suitable form of processing circuitry), memory 14,
nonvolatile storage 16, a display 18, input structures 22,
an input/output (I/O) interface 24, a network interface 26,
and a power source 28.
[0019] The various functional blocks shown in FIG. 1
may include hardware elements (including circuitry), soft-
ware elements (including machine-executable instruc-
tions) or a combination of both hardware and software
elements (which may be referred to as logic). The proc-
essor 12, the memory 14, the nonvolatile storage 16, the
display 18, the input structures 22, the I/O interface 24,
the network interface 26, and/or the power source 28
may each be communicatively coupled directly or indi-
rectly (e.g., through or via another component, a com-

munication bus, a network) to one another to transmit
and/or receive data between one another. It should be
noted that FIG. 1 is merely one example of a particular
implementation and is intended to illustrate the types of
components that may be present in the electronic device
10.
[0020] By way of example, the electronic device 10
may include any suitable computing device, including a
desktop or notebook computer (e.g., in the form of a Mac-
Book®, MacBook® Pro, MacBook Air®, iMac®, Mac®

mini, or Mac Pro® available from Apple Inc. of Cupertino,
California), a portable electronic or handheld electronic
device such as a wireless electronic device or smart-
phone (e.g., in the form of a model of an iPhone® avail-
able from Apple Inc. of Cupertino, California), a tablet
(e.g., in the form of a model of an iPad® available from
Apple Inc. of Cupertino, California), a wearable electronic
device (e.g., in the form of an Apple Watch® by Apple
Inc. of Cupertino, California), and other similar devices.
[0021] It should be noted that the processor 12 and
other related items in FIG. 1 may be embodied wholly or
in part as software, hardware, or both. Furthermore, the
processor 12 and other related items in FIG. 1 may be a
single contained processing module or may be incorpo-
rated wholly or partially within any of the other elements
within the electronic device 10. The processor 12 may
be implemented with any combination of general-pur-
pose microprocessors, microcontrollers, digital signal
processors (DSPs), field programmable gate array (FP-
GAs), programmable logic devices (PLDs), controllers,
state machines, gated logic, discrete hardware compo-
nents, dedicated hardware finite state machines, or any
other suitable entities that may perform calculations or
other manipulations of information. The processors 12
may include one or more application processors, one or
more baseband processors, or both, and perform the var-
ious functions described herein.
[0022] In the electronic device 10 of FIG. 1, the proc-
essor 12 may be operably coupled with the memory 14
and the nonvolatile storage 16 to perform various algo-
rithms. For example, as mentioned above and discussed
in more details below, the processor 12 may reference
a lookup table stored on the memory 14 and/or the non-
volatile storage 16 to select a nonzero subthreshold bias
voltage (VST) among a number of nonzero subthreshold
bias voltages (VST). Moreover, in specific cases, the
processor 12 may determine and store the nonzero sub-
threshold bias voltages (VST) based on running one or
more tests to determine distortion signals generated by
one or more selectable amplifiers of a VGA. Alternatively
or additionally, the nonzero subthreshold bias voltages
(VST) may be predetermined (e.g., during manufacturing)
and stored in the memory 14 and/or the nonvolatile stor-
age 16. Such programs or instructions executed by the
processor 12 may be stored in any suitable article of man-
ufacture that includes one or more tangible, computer-
readable media.
[0023] The tangible, computer-readable media may in-
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clude the memory 14 and/or the nonvolatile storage 16,
individually or collectively, to store the instructions, rou-
tines, and/or other data (e.g., the lookup table). Moreo-
ver, the memory 14 and the nonvolatile storage 16 may
include any suitable articles of manufacture for storing
data and executable instructions, such as random-ac-
cess memory, read-only memory, rewritable flash mem-
ory, hard drives, and optical discs. In addition, programs
(e.g., an operating system) encoded on such a computer
program product may also include instructions that may
be executed by the processor 12 to enable the electronic
device 10 to provide various functionalities.
[0024] In certain embodiments, the display 18 may fa-
cilitate users to view images generated on the electronic
device 10. In some embodiments, the display 18 may
include a touch screen, which may facilitate user inter-
action with a user interface of the electronic device 10.
Furthermore, it should be appreciated that, in some em-
bodiments, the display 18 may include one or more liquid
crystal displays (LCDs), light-emitting diode (LED) dis-
plays, organic light-emitting diode (OLED) displays, ac-
tive-matrix organic light-emitting diode (AMOLED) dis-
plays, or some combination of these and/or other display
technologies.
[0025] The input structures 22 of the electronic device
10 may enable a user to interact with the electronic device
10 (e.g., pressing a button to increase or decrease a vol-
ume level). The I/O interface 24 may enable electronic
device 10 to interface with various other electronic de-
vices, as may the network interface 26. In some embod-
iments, the I/O interface 24 may include an I/O port for
a hardwired connection for charging and/or content ma-
nipulation using a standard connector and protocol, such
as the Lightning connector provided by Apple Inc. of Cu-
pertino, California, a universal serial bus (USB), or other
similar connector and protocol.
[0026] The network interface 26 may include, for ex-
ample, one or more interfaces for a personal area net-
work (PAN), such as an ultra-wideband (UWB) or a
BLUETOOTH® network, a local area network (LAN) or
wireless local area network (WLAN), such as a network
employing one of the IEEE 802.11x family of protocols
(e.g., WI-FI®), and/or a wide area network (WAN), such
as any standards related to the Third Generation Part-
nership Project (3GPP), including, for example, a 3rd gen-
eration (3G) cellular network, universal mobile telecom-
munication system (UMTS), 4th generation (4G) cellular
network, long term evolution (LTE®) cellular network,
long term evolution license assisted access (LTE-LAA)
cellular network, 5th generation (5G) cellular network,
and/or New Radio (NR) cellular network, a satellite net-
work, a non-terrestrial network, and so on.
[0027] In particular, the network interface 26 may in-
clude, for example, one or more interfaces for using a
Release-15 cellular communication standard of the 5G
specifications that include the millimeter wave
(mmWave) frequency range (e.g., 24.25-30 gigahertz
(GHz)) and/or any other cellular communication standard

release (e.g., Release-16, Release-17, any future releas-
es) that define and/or enable frequency ranges used for
wireless communication. The network interface 26 of the
electronic device 10 may allow communication over the
aforementioned networks (e.g., 5G, Wi-Fi, LTE-LAA, and
so forth).
[0028] The network interface 26 may also include one
or more interfaces for, for example, broadband fixed wire-
less access networks (e.g., WIMAX®), mobile broadband
Wireless networks (mobile WIMAX®), asynchronous dig-
ital subscriber lines (e.g., ADSL, VDSL), digital video
broadcasting-terrestrial (DVB-T®) network and its exten-
sion DVB Handheld (DVB-H®) network, ultra-wideband
(UWB) network, alternating current (AC) power lines, and
so forth.
[0029] As illustrated, the network interface 26 may in-
clude a transceiver 30. In some embodiments, all or por-
tions of the transceiver 30 may be disposed within the
processor 12. The transceiver 30 may support transmis-
sion and receipt of various wireless signals via one or
more antennas, and thus may include a transmitter and
a receiver. In some cases, the transceiver 30 may include
one or more VGAs. As mentioned above, a VGA of the
transceiver may provide amplified transmission signal
(e.g., the VGA output signal) to the one or more antennas
for transmission and/or provide the amplified received
signal (e.g., the VGA output signal) to one or more down-
stream components, such as the processor 12, for
processing. The power source 28 of the electronic device
10 may include any suitable source of power, such as a
rechargeable lithium polymer (Li-poly) battery and/or an
alternating current (AC) power converter.
[0030] FIG. 2 is a functional diagram of the electronic
device 10 of FIG. 1, according to embodiments of the
present disclosure. As illustrated, the processor 12, the
memory 14, the transceiver 30, a transmitter 52, a re-
ceiver 54, and/or antennas 55 (illustrated as 55A-55N,
collectively referred to as an antenna 55) may be com-
municatively coupled directly or indirectly (e.g., through
or via another component, a communication bus, and/or
a network) to one another to transmit and/or receive data
between one another.
[0031] The electronic device 10 may include the trans-
mitter 52 and/or the receiver 54 that respectively enable
transmission and reception of data between the electron-
ic device 10 and an external device via, for example, a
network (e.g., including base stations) or a direct con-
nection. As illustrated, the transmitter 52 and the receiver
54 may be combined into the transceiver 30. The elec-
tronic device 10 may also have one or more antennas
55A-55N electrically coupled to the transceiver 30. The
antennas 55A-55N may be configured in an omnidirec-
tional or directional configuration, in a single-beam, dual-
beam, or multi-beam arrangement, and so on.
[0032] Each antenna 55 may be associated with one
or more beams and various configurations. In some em-
bodiments, multiple antennas of the antennas 55A-55N
of an antenna group or module may be communicatively
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coupled a respective transceiver 30 and each emit radio
frequency signals that may constructively and/or destruc-
tively combine to form a beam. The electronic device 10
may include multiple transmitters, multiple receivers,
multiple transceivers, and/or multiple antennas as suita-
ble for various communication standards. In some em-
bodiments, the transmitter 52 and the receiver 54 may
transmit and receive information via other wired or wire-
line systems or means.
[0033] As illustrated, the various components of the
electronic device 10 may be coupled together by a bus
system 56. The bus system 56 may include a data bus,
for example, as well as a power bus, a control signal bus,
and a status signal bus, in addition to the data bus. The
components of the electronic device 10 may be coupled
together or accept or provide inputs to each other using
some other mechanism.
[0034] FIG. 3 is a schematic diagram of the transmitter
52 (e.g., transmit circuitry), according to embodiments of
the present disclosure. As illustrated, the transmitter 52
may receive outgoing signal 60 in the form of a digital
signal to be transmitted via the antenna 55. In some cas-
es, the outgoing signal 60 may include a waveform. For
example, the waveform may have a specific oscillation
frequency or may include a chirp signal with increasing
or decreasing frequency. Moreover, in alternative or ad-
ditional embodiments, the electronic device 10 may use
alternative or additional types of waveform such as pulse
waveform, stepped-frequency continuous wave
(SFCW), orthogonal frequency division multiplexing
symbols (OFDM), ultra-wideband (UWB), signals of op-
portunity (e.g., WiFi), and/or other waveforms.
[0035] A digital-to-analog converter (DAC) 62 of the
transmitter 52 may convert the digital signal to an analog
signal, and a modulator 64 may combine the converted
analog signal with a carrier signal to generate a radio
wave. As mentioned above, such radio wave may have
a specific oscillation frequency or may be a chirp signal
with increasing or decreasing frequency. A power ampli-
fier (PA) 66 may receive the modulated signal from the
modulator 64. The power amplifier 66 may amplify the
modulated signal to a suitable level to drive transmission
of the signal via the antenna 55.
[0036] A filter 68 (e.g., filter circuitry and/or software)
of the transmitter 52 may then remove undesirable noise
from the amplified signal to generate transmitted signal
70 (or transmitted signal) to be transmitted via the anten-
na 55. The filter 68 may include any suitable filter or filters
to remove the undesirable noise from the amplified sig-
nal, such as a bandpass filter, a bandstop filter, a low
pass filter, a high pass filter, and/or a decimation filter.
Additionally, the transmitter 52 may include any suitable
additional components not shown, or may not include
certain of the illustrated components, such that the trans-
mitter 52 may transmit the outgoing signal 60 via the an-
tenna 55. For example, the transmitter 52 may include a
mixer and/or a digital up converter. As another example,
the transmitter 52 may not include the filter 68 if the power

amplifier 66 outputs the amplified signal in or approxi-
mately in a desired frequency range (such that filtering
of the amplified signal may be unnecessary).
[0037] Moreover, the DAC 62, the modulator 64, the
PA 66, the filter 68, and/or other components not shown
in FIG. 3 may include a VGA with selectable amplifiers.
The processor 12 may provide instructions to provide a
bias voltage (VT) to one or more activated or selected
amplifiers of the VGA and determine and provide a
nonzero subthreshold bias voltage (VST) to remaining
deactivated (e.g., non-selected) amplifiers of the VGA.
For example, the processor 12 may refer to information
stored on the memory 14 (e.g., a lookup table) to deter-
mine the nonzero subthreshold bias voltage (VST) to be
provided to the non-selected amplifiers based on the se-
lected amplifiers.
[0038] FIG. 4 is a schematic diagram of the receiver
54 (e.g., receive circuitry), according to embodiments of
the present disclosure. As illustrated, the receiver 54 may
receive received data from the one or more antennas 55
in the form of a signal 80 (e.g., an analog signal). Low
noise amplifier (LNA) 82 may amplify the received signal
80 to a suitable level for the receiver 54 to process. In
particular, the LNA 82 may amplify the signal 80 by ap-
plying a gain (e.g., a power gain) to the signal 80. For
example, the LNA 82 may include one or more VGAs,
though the LNA 82 may also include one or more passive
components (e.g., transmission lines, routing circuitry,
phase shifters, and so on).
[0039] As an example, the LNA 82 may include one or
more VGAs each including multiple amplifiers (e.g., se-
lectable amplifiers) coupled in parallel using multiple
transmission lines. Moreover, each of the selectable am-
plifiers of the one or more VGAs may apply a respective
gain (e.g., a power gain) to the received signal 80 when
selected or activated. For example, amplified output sig-
nal of each activated amplifier of the VGA may additively
combine to generate a VGA output signal. Accordingly,
each of the selectable amplifiers of a VGA may provide
a portion of a total gain applied by the VGA. In some
cases, the VGA may provide a portion of a total gain
applied by the LNA 82 and/or the receiver 54.
[0040] In any case, the LNA 82 may provide amplified
signals to an RF mixer. The RF mixer may include a filter
84 (e.g., filter circuitry and/or software), a demodulator
86, and an analog to digital converter (ADC) 88. In dif-
ferent embodiments, the filter 84 may include filter cir-
cuitry, filtering software, or both. The filter 84 may receive
the amplified signal from the LNA 82. The filter 84 may
remove undesired noise from the received signal, such
as cross-channel interference. The filter 84 may also re-
move additional signals received by the one or more an-
tennas 55 that are at frequencies other than the desired
signal. Moreover, the filter 84 may include any suitable
filter or filters to remove the undesired noise or signals
from the received signal, such as a bandpass filter, a
bandstop filter, a low pass filter, a high pass filter, and/or
a decimation filter.
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[0041] The demodulator 86 may remove a radio fre-
quency envelope and/or extract a demodulated signal
from the filtered signal for processing. The ADC 88 may
receive the demodulated analog signal and convert the
signal to a digital signal of incoming data 90 to be further
processed by the electronic device 10. Additionally, the
receiver 54 may include any suitable additional compo-
nents not shown, or may not include certain of the illus-
trated components, such that the receiver 54 may receive
the received signal 80 via the one or more antennas 55.
For example, the receiver 54 may include a mixer com-
ponent and/or a digital down converter.
[0042] FIG. 5 is a schematic diagram of a VGA 100
including a first amplifier 102, a second amplifier 104,
and a third amplifier 106. Each of the amplifiers 102, 104,
and 106 may receive an input signal 108 via first amplifier
inputs 110-1, 110-2, and 110-3 (e.g., first amplifier input
pins) respectively. For example, the input signal 108 may
include the outgoing signal 60 shown in FIG. 3, the re-
ceived signal 80 shown in FIG. 4, or a different signal.
Moreover, in the depicted embodiment, the amplifiers
102, 104, and 106 may receive a differential input signal
108 via differential first amplifier inputs 110-1, 110-2, and
110-3. However, in other embodiments, the amplifiers
102, 104, and 106 may receive a single-ended input sig-
nal 108 via single-ended first amplifier inputs 110-1,
110-2, and 110-3.
[0043] The amplifiers 102, 104, and 106 are selectable
to be activated to provide output signals. Each of the
amplifiers 102, 104, and 106 may apply a respective gain
to the input signal 108 when selected or activated. For
example, the first amplifier 102 may amplify the input
signal 108 with a first gain (e.g., a gain of 16) to provide
a first amplifier output signal 112 via amplifier outputs
118-1 (e.g., amplifier output pins) when selected or acti-
vated. Moreover, the second amplifier 104 may amplify
the input signal 108 with a second gain (e.g., a gain of
8) to provide a second amplifier output signal 114 via
amplifier outputs 118-2 when selected or activated. Fur-
thermore, the third amplifier 106 may amplify the input
signal 108 with a third gain (e.g., a gain of 16) to provide
a third amplifier output signal 116 via amplifier outputs
118-3 when selected or activated.
[0044] The VGA 100 may combine the first amplifier
output signal 112, the second amplifier output signal 114,
and/or the third amplifier output signal 116 to provide a
VGA output signal 120. For example, the VGA output
signal 120 may have a total gain based on selecting
and/or activating one or more of the amplifiers 102, 104,
and 106. In some cases, a processor (e.g., the processor
12 of FIG. 1) may select or activate one or more of the
amplifiers 102, 104, and 106 to generate the VGA output
signal 120 with a desired total gain. For example, the
processor may determine the total gain based on a volt-
age amplitude of the input signal 108, a desired voltage
amplitude of the VGA output signal 120, or both. In spe-
cific cases, the processor may determine the desired volt-
age amplitude of the VGA output signal 120 based on

one or more downstream components receiving the VGA
output signal 120.
[0045] By the way of example, the VGA output signal
120 may have a total gain based on a cumulative value
of the first gain and the second gain when the first am-
plifier 102 and the second amplifier 104 are selected
and/or activated. Moreover, the VGA output signal 120
may have a total gain based on a cumulative value of the
second gain and the third gain when the second amplifier
104 and the third amplifier 106 are selected and/or acti-
vated. Furthermore, the VGA output signal 120 may have
a total gain based on a cumulative value of the first gain
and the third gain when the first amplifier 102 and the
third amplifier 106 are selected and/or activated.
[0046] Alternatively, the VGA output signal 120 may
have a total gain based on a cumulative value of the first
gain, the second gain, and the third gain when the first
amplifier 102, the second amplifier 104, and the third am-
plifier 106 are selected and/or activated. It should be ap-
preciated that the depicted embodiment is by the way of
example and in other embodiments the VGA 100 may
include a different number of amplifiers (e.g., 2 or more,
4 or more, 5 or more, 8 or more, 10 or more, 12 or more,
and so on). In such embodiments, the VGA output signal
120 may similarly have a total gain based on a cumulative
value of the selected or activated amplifiers.
[0047] With the foregoing in mind, activating each of
the amplifiers 102, 104, and 106 may include coupling
second amplifier inputs 122-1, 122-2, and 122-3 to a bi-
asing circuit 124. The biasing circuit 124 may provide a
bias voltage (VT) higher than an ON voltage threshold of
the amplifiers 102, 104, and/or 106. Accordingly, the bi-
asing circuit 124 may provide the bias voltage (VT) to the
amplifiers 102, 104, and/or 106 via the second amplifier
inputs 122-1, 122-2, and/or 122-3 coupled thereto.
[0048] In some cases, the amplifiers 102, 104, and 106
may have a similar ON voltage threshold. In such cases,
the biasing circuit 124 may provide one bias voltage (VT)
higher than an ON voltage threshold of the amplifiers
102, 104, and 106 to the activated amplifiers 102, 104,
and 106 coupled thereto. In other cases, the amplifiers
102, 104, and 106 may have different ON voltage thresh-
olds. In such other cases, the biasing circuit 124 may
provide one or multiple different bias voltages (VT) higher
than an ON voltage threshold of the respective amplifiers
102, 104, and/or 106 to the activated amplifiers 102, 104,
and/or 106 coupled thereto. Accordingly, the activated
amplifiers 102, 104, and 106 may provide the first ampli-
fier output signal 112, the second amplifier output signal
114, and/or the third amplifier output signal 116 based
on coupling the second amplifier inputs 122-1, 122-2,
and 122-3 to the biasing circuit 124.
[0049] In some embodiments, the second amplifier in-
puts 122-1, 122-2, and 122-3 may couple to the biasing
circuit 124 via switches 126, 128, and 130. For example,
a first state of the switch 126 may couple the second
amplifier input 122-1 of the first amplifier 102 to the bias-
ing circuit 124. In some cases, a processor, such as the
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processor 12 of FIG. 1, may close the switch 126 at the
first state to couple the second amplifier input 122-1 of
the first amplifier 102 to the biasing circuit 124.
[0050] Similarly, a first state of the switch 128 may cou-
ple the second amplifier input 122-2 of the second am-
plifier 104 to the biasing circuit 124. The processor may
close the switch 128 at the first state to couple the second
amplifier input 122-2 of the second amplifier 104 to the
biasing circuit 124. Moreover, a first state of the switch
130 may couple the second amplifier input 122-3 of the
third amplifier 106 to the biasing circuit 124. The proces-
sor 12 may close the switch 130 at the first state to couple
the second amplifier input 122-3 of the third amplifier 106
to the biasing circuit 124.
[0051] However, in some cases, each of the amplifier
output signals 112, 114, and/or 116 may include an am-
plified output signal and one or more distortion signals
when activated. If not compensated for, the distortion sig-
nals may cause deviation and/or non-linear behavior of
the amplifier output signals 112, 114, and/or 116. More-
over, the distortion signals may disturb one or more op-
erations of the processor 12, the DAC 62, the modulator
64, the PA 66, the filter 68, the filter 84, the demodulator
86, and/or the ADC 88, among other things.
[0052] The amplifiers 102, 104, and 106 may provide
the distortion signals within a voltage magnitude range
based on receiving the bias voltage (VT). Moreover, the
amplifiers 102, 104, and 106 may provide the distortion
signals within the same voltage magnitude range when
receiving a nonzero subthreshold bias voltage (VST). The
nonzero subthreshold bias voltage (VST) may be below
the ON voltage threshold of the amplifiers 102, 104, and
106. For example, nonzero subthreshold bias voltage
(VST) may be below 0.1 microvolt (mV), below 0.5 mV,
below 0.1 millivolt (mV), below 0.1 volt (V), and so on. A
subthreshold biasing circuit 132 may provide one or more
nonzero subthreshold bias voltages (VST).
[0053] In the disclosed embodiments, one or more of
the remaining deactivated or non-selected amplifiers
102, 104, and/or 106 may provide controlled distortion
signals to cancel the distortion signals of the activated
amplifiers 102, 104, and/or 106 when supplied with the
nonzero subthreshold bias voltage (VST). For example,
the distortion cancelling signals of the deactivated am-
plifiers 102, 104, and/or 106 supplied with the nonzero
subthreshold bias voltage (VST) may be 180 degrees out
of phase from the distortion signals of the activated am-
plifiers 102, 104, and/or 106.
[0054] In such cases, the second amplifier inputs
122-1, 122-2, and 122-3 of the deactivated amplifiers
102, 104, and 106 may couple to the subthreshold biasing
circuit 132 via the switch 126, 128, or 130. For example,
a second state of the switch 126 may couple the second
amplifier input 122-1 of the first amplifier 102 to the sub-
threshold biasing circuit 132. The processor 12 may close
the switch 126 at the second state to couple the second
amplifier input 122-2 of the second amplifier 104 to the
subthreshold biasing circuit 132.

[0055] Similarly, a second state of the switch 128 may
couple the second amplifier input 122-2 of the second
amplifier 104 to the subthreshold biasing circuit 132. The
processor 12 close the switch 128 at the second state to
couple the second amplifier input 122-2 of the second
amplifier 104 to the subthreshold biasing circuit 132.
Moreover, a second state of the switch 130 may couple
the second amplifier input 122-3 of the third amplifier 106
to the subthreshold biasing circuit 132. The processor 12
may close the switch 130 at the second state to couple
the second amplifier input 122-3 of the third amplifier 106
to the subthreshold biasing circuit 132.
[0056] In some embodiments, the processor (e.g., the
processor 12 of FIG. 1) may determine multiple nonzero
subthreshold bias voltages (VST) based on different se-
lections or activations of the amplifiers 102, 104, and/or
106 to provide the VGA output signal 120 with the total
gain. In such embodiments, the processor 12 may set a
nonzero subthreshold bias voltage (VST) of the multiple
nonzero subthreshold bias voltages (VST) based on a
selection or activation of the amplifiers 102, 104, and/or
106.
[0057] Moreover, the processor 12 may determine a
number and/or configuration of the deactivated amplifiers
102, 104, and/or 106 to couple to the subthreshold bias-
ing circuit 132 based on the different activations of the
amplifiers 102, 104, and/or 106. For example, the proc-
essor 12 couple one or more of the deactivated amplifiers
102, 104, and/or 106 to the subthreshold biasing circuit
132 based on activation of any combination of the am-
plifiers 102, 104, and/or 106.
[0058] In some embodiments, the processor 12 may
refer to predetermined information stored in a memory
(e.g., the memory 14 and/or nonvolatile storage 16 of
FIG. 1) to couple the deactivated amplifiers to the sub-
threshold biasing circuit 132. For example, the processor
12 may refer to the predetermined information based on
the activation of the amplifiers 102, 104, and/or 106. In
some cases, the processor 12 may use a lookup table
stored in the memory 14 that stores the predetermined
information.
[0059] The lookup table may be generated during man-
ufacturing and/or may be generated (or updated) by the
processor 12 during operation of the electronic device
10. For example, the processor 12 may generate or up-
date the lookup table (e.g., the predetermined informa-
tion) using machine learning during operation of the elec-
tronic device 10. In any case, the processor 12 may refer
to the lookup table to provide instructions to the switches
126, 128, and 130 to couple the activated amplifiers to
the biasing circuit 124 and couple one or more of the
deactivated amplifiers to the subthreshold biasing circuit
132.
[0060] Moreover, in some embodiments, the proces-
sor 12 may couple the deactivated amplifiers 102, 104,
and 106 to a ground connection 134. The deactivated
amplifiers 102, 104, and 106 coupled to the ground con-
nection 134 may thus be in an idle state. In some cases,
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a third state of the switch 126 may couple the second
amplifier input 122-1 of the first amplifier 102 to the
ground connection 134. The processor 12 may close the
switch 126 at the third state to couple the second amplifier
input 122-2 of the first amplifier 102 to the ground con-
nection 134.
[0061] Similarly, a third state of the switch 128 may
couple the second amplifier input 122-2 of the second
amplifier 104 to the ground connection 134. The proces-
sor 12 may close the switch 128 at the third state to couple
the second amplifier input 122-2 of the second amplifier
104 to the ground connection 134. Moreover, a third state
of the switch 130 may couple the second amplifier input
122-3 of the third amplifier 106 to the ground connection
134. The processor 12 may close the switch 130 at the
third state to couple the second amplifier input 122-3 of
the third amplifier 106 to the ground connection 134.
[0062] In any case, the processor 12 may activate or
deactivate the amplifiers 102, 104, 106 and/or close or
open switches 126, 128, 130 based on entries of the
lookup table corresponding to activation of any combi-
nation of the amplifiers 102, 104, and 106. Accordingly,
the activated amplifiers 102, 104, and 106 may amplify
the input signal 108 based on the respective gains when
coupled to the biasing circuit 124. As mentioned above,
the activated amplifiers 102, 104, and 106 may generate
the amplifier output signals 112, 114, and 116, which may
include the amplified output signal and the distortion sig-
nals.
[0063] When coupled to the subthreshold biasing cir-
cuit 132, the one or more of the deactivated amplifiers
102, 104, and 106 may provide distortion cancelling sig-
nals. When coupled to the ground connection 134, the
one or more of the deactivated amplifiers 102, 104, and
106 may become idle. Accordingly, the processor 12 may
cause the one or more of the deactivated amplifiers 102,
104, and 106 to provide distortion cancelling signals by
coupling them to the subthreshold biasing circuit 132, or
to become idle by coupling them to the ground connection
134.
[0064] In some embodiments, the VGA 100 may also
include capacitors 136, 138, 140, 142, 144, and 146. In
the depicted embodiment, each differential amplifier in-
puts 110-1, 110-2, and 110-3 may couple to a respective
pair of the capacitors 136, 138, 140, 142, 144, and 146
in series. Each of the capacitors 136, 138, 140, 142, 144,
and 146 may block a direct current (DC) to provide alter-
native current (AC) coupling. For example, the capacitors
136, 138, 140, 142, 144, and 146 may block bias voltages
(VT). Accordingly, the capacitors 136, 138, 140, 142, 144,
and 146 may provide the input signal 108 in the form of
an AC signal when the respective amplifiers 102, 104,
and/or 106 are ON or activated.
[0065] The VGA 100 may also include resistors 148,
150, and 152. The resistors 148, 150, and 152 may iso-
late AC signals from the biasing circuit 124, the sub-
threshold biasing circuit 132, and/or the ground connec-
tion 134. In some cases, the resistors 148, 150, and 152

may reduce leakage of the input signal 108 or the ampli-
fier output signals 112, 114, or 116 (e.g., the amplified
output signals and/or the distortion signals) from the am-
plifiers 102, 104, and 106 to the biasing circuit 124, the
subthreshold biasing circuit 132, and/or the ground con-
nection 134. In any case, in different embodiments, the
VGA 100 may or may not include the capacitors 136,
138, 140, 142, 144, and 146, the resistors 148, 150, and
152.
[0066] With the foregoing in mind, FIG. 6 depicts a sub-
threshold biasing circuit 132. In some cases, the sub-
threshold biasing circuit 132 may be allocated or other-
wise dedicated to the amplifiers 102, 104, and 106 of the
VGA 100. For example, the electronic device 10 and/or
the VGA 100 may include the subthreshold biasing circuit
132. The subthreshold biasing circuit 132 may include a
number of transistors 180 (e.g., a first transistor 180-1,
additional transistors 180-2, 180-N) configured to couple
in parallel to provide the nonzero subthreshold bias volt-
age (VST). Each of the transistors 180 may couple or
uncouple a current source 184 to the ground connection
134.
[0067] A number of switches 182 (e.g., switch 182-1
and switches 182-2, 182-N) may couple or uncouple one
or more of the transistors 180 in parallel. The transistors
180 that are coupled in parallel may couple the current
source 184 to the ground connection 134. In some cases,
the current source 184 may receive configuration settings
based on a configuration of the biasing circuit 124 and/or
the amplifiers 102, 104, and/or 106. For example, the
current source 184 may be adjusted based on a config-
uration of the amplifiers 102, 104, and/or 106 to provide
electrical current to one or more of the transistors 180.
Accordingly, a current output of the current source 184
may be adjusted based on the configuration of the am-
plifiers 102, 104, and/or 106 and/or predefined settings.
[0068] In some cases, a processor (e.g., the processor
12 of FIG. 1) may provide instructions indicative of the
configuration of the amplifiers 102, 104, and/or 106 to
the current source 184. Moreover, a processor, the cur-
rent source 184, or any other viable component may pro-
vide one or more control signals to open or close the
switches 182. Accordingly, the nonzero subthreshold bi-
as voltage (VST) is adjusted based on controlling a current
output of the current source 184 and a number of the
switches 182 coupled to the current source 184.
[0069] The transistors 180 may draw current through
the current source 184 to the ground connection 134
when coupled between the current source 184 and the
ground connection 134. In the depicted embodiment, a
first transistor 180-1 is coupled between the current
source 184 and the ground connection 134 without a
switch 182. The remaining transistors (e.g., a transistor
180-2, a transistor 180-N) may couple between the cur-
rent source 184 and the ground connection 134 in parallel
to the first transistor 180-1 when a respective switch 182
(e.g., a switch 182-1, or a switch 182-N) is closed. In
some cases, each of the transistors 180 may draw a sim-
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ilar current through the current source 184 to the ground
connection 134. However, in other cases, the transistors
180 may draw a different current through the current
source 184 to the ground connection 134.
[0070] A number of the transistors 180 drawing current
through the current source 184 to the ground connection
134 may determine the nonzero subthreshold bias volt-
age (VST). Moreover, a processor (e.g., the processor 12
of FIG. 1), the current source 184, or any other viable
component may provide one or more control signals to
close a number of the switches 182 to control a current
consumption of the subthreshold biasing circuit 132. Ac-
cordingly, the processor 12 (or any other viable compo-
nent providing the control signals) may control the nonze-
ro subthreshold bias voltage (VST) based on closing a
number of the switches 182. For example, the configu-
ration settings of the current source 184 is predetermined
(e.g., stored in the memory 14 and/or nonvolatile storage
16 of FIG. 1) or is determined based on running one or
more tests by the processor 12.
[0071] In some embodiments, the subthreshold bias-
ing circuit 132 may provide the nonzero subthreshold bi-
as voltage (VST) to maintain a total current consumption
of the VGA 100 below a total current consumption thresh-
old. In such embodiments, the subthreshold biasing cir-
cuit 132 may provide the nonzero subthreshold bias volt-
age (VST) based on a current consumption of the sub-
threshold biasing circuit 132. For example, the sub-
threshold biasing circuit 132 may provide the nonzero
subthreshold bias voltage (VST) such that a current con-
sumption of the subthreshold biasing circuit 132 and the
biasing circuit 124 is below the total current consumption
threshold.
[0072] For example, the processor 12 may receive or
determine the current consumption of the biasing circuit
124 and the subthreshold biasing circuit 132. In some
cases, the processor 12 may receive or determine the
current consumption of the subthreshold biasing circuit
132 from the current source 184. In alternative or addi-
tional cases, the processor 12 may receive or determine
the current consumption of the subthreshold biasing cir-
cuit 132 based on a current draw of each of the transistors
180 and a number of transistors 180 coupled between
the current source 184 and the ground connection 134.
Accordingly, the processor 12 may provide the one or
more control signals to provide the nonzero subthreshold
bias voltage (VST) such that the biasing circuit 124 and
the subthreshold biasing circuit 132 may draw a total cur-
rent below the total current consumption threshold.
[0073] With the foregoing in mind, it should be appre-
ciated that the depicted embodiment of the subthreshold
biasing circuit 132 in FIG. 6 is provided as an example,
and in other embodiments, a different subthreshold bi-
asing circuit 132 may provide the nonzero subthreshold
bias voltage. Moreover, in some cases, the biasing circuit
124 may include a similar or different circuit. For example,
the biasing circuit 124 may include a current source, a
number of transistors coupled (or configured to be cou-

pled) in parallel, one or more switches configured to cou-
ple and uncouple the number of parallel transistors,
among other things.
[0074] FIG. 7 depicts a graph 200 of a distortion signal
202 and a compensated distortion signal 204 of the VGA
100. As discussed above, the amplifier output signals
112, 114, and/or 116 of the activated amplifiers 102, 104,
and/or 106 may each generate an amplified output signal
and one or more distortion signals. Moreover, the ampli-
fier output signals 112, 114, and/or 116 may combine to
form the VGA output signal 120.
[0075] Accordingly, the VGA output signal 120 may in-
clude the combined amplified output signals and the dis-
tortion signal 202 (the combined distortion signals) of the
activated amplifiers 102, 104, and 106 receiving the bias
voltage (VT). Moreover, the VGA output signal 120 may
include the combined amplified output signals and the
compensated distortion signal 204 (the combined distor-
tion signals) of the activated amplifiers 102, 104, and/or
106 receiving the bias voltage (VT) and the deactivated
amplifiers 102, 104, and/or 106 receiving the nonzero
subthreshold bias voltage (VST). As mentioned above,
the distortion signals may cause deviation and/or non-
linear behavior of the VGA output signal 120 and are
undesired.
[0076] The subthreshold biasing circuit 132 described
above may provide the nonzero subthreshold bias volt-
age (VST) to one or more of the deactivated amplifiers
102, 104, and 106 shown in FIG. 5 to reduce or mitigate
an output power (e.g., electrical power) of the distortion
signals 202 to generate the compensated distortion sig-
nal 204. Accordingly, the output power of the distortion
signals 202 may decrease at various frequencies when
the deactivated amplifiers 102, 104, and/or 106 provide
the distortion cancelling signals based on receiving the
nonzero subthreshold bias voltage (VST), resulting in the
compensated distortion signal 204.
[0077] For example, the processor 12 may supply the
nonzero subthreshold bias voltage (VST) to one or more
of the deactivated amplifiers 102, 104, and 106. Moreo-
ver, the deactivated amplifiers 102, 104, and 106 may
provide the distortion cancelling signals based on receiv-
ing the nonzero subthreshold bias voltage (VST). Accord-
ingly, the VGA 100 may generate the VGA output signal
120 that includes the compensated distortion signal 204.
As illustrated in FIG. 7, the compensated distortion signal
204 may have a reduced output power (e.g., reduced by
1 decibel (dB), 2 dB, 3 dB, 4 dB, 10 dB, and so on) com-
pared to the distortion signals 202.
[0078] A vertical axis 206 of the graph 200 may illus-
trate an output power of the distortion signal 202 and the
compensated distortion signal 204 over an output power
range in decibel-milliwatts (dBm). Moreover, the graph
200 may include a horizontal axis 208 depicting a fre-
quency of the distortion signal 202 and the compensated
distortion signal 204 over a frequency range in gigahertz
(GHz). However, it should be appreciated that the fre-
quency range of the horizontal axis 208 is provided as
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an example and can be substantially different in other
embodiments.
[0079] Moreover, the distortion signal 202 and the
compensated distortion signal 204 are provided as ex-
amples. Accordingly, it should be appreciated that in dif-
ferent embodiments, the distortion signal 202 and the
compensated distortion signal 204 may have different
output powers over different frequencies. Furthermore,
the VGA 100 may provide the VGA output signal 120 with
the high gains at a frequency range around a center fre-
quency (e.g., 1 megahertz (MHz), 20 MHz, 200 MHz, 1
GHz, 24 GHz, 27 GHz, 30 GHz, and so on).
[0080] In the depicted embodiment, the amplifiers 102,
104, and 106 of the VGA 100 may provide the VGA output
signal 120 with the highest output power within a frequen-
cy range from 24 GHZ to 30 GHz. Moreover, the distortion
signals 202 or the compensated distortion signals 204
may have a low output power within the frequency range
from 24 GHZ to 30 GHz. For example, a distortion signal
202 may have an output power of approximately -67 dBm
at around 27 GHz, and the compensated distortion sig-
nals 204 may have an output power of approximately -78
dBm at around 27 GHz. However, in different embodi-
ments, the VGA output signal 120 may have a highest
output power and the distortion signals 202 or the com-
pensated distortion signals 204 may have the lowest out-
put power around a different frequency.
[0081] FIG. 8 is a flowchart of a method 230 for gen-
erating the VGA output signal 120 described with respect
to the VGA 100 of FIG. 5 with reduced distortion by pro-
viding the compensated distortion signal 204 illustrated
in FIG. 7. The method 230 may facilitate compensating
for gain distortions of the amplifier output signals 112,
114, and 116 discussed above. Any suitable device that
may control components of the electronic device 10 in-
cluding the VGA 100, such as the processor 12, may
perform the method 230.
[0082] For example, the processor 12 may perform the
method 230 to provide control signals to the switches
126, 128, and 130, the biasing circuit 124, and/or the
subthreshold biasing circuit 132. Accordingly, the proc-
essor 12 may perform the method 230 to compensate
for the gain distortions of the amplifiers 102, 104, and/or
106. In some embodiments, the method 230 may be im-
plemented by executing instructions stored in a tangible,
non-transitory, computer-readable medium, such as the
memory 14 or nonvolatile storage 16, using the processor
12. For example, the method 230 may be performed at
least in part by one or more software components, such
as an operating system of the electronic device 10, one
or more software applications of the electronic device 10,
and the like.
[0083] While the method 230 is described using steps
in a specific sequence, it should be understood that the
present disclosure contemplates that the described steps
may be performed in different sequences than the se-
quence illustrated, and certain described steps may be
skipped or not performed altogether. For example, al-

though the method 230 is described with respect to the
amplifiers 102, 104, and 106 of the VGA 100 illustrated
in FIG. 5, it should be appreciated that in additional or
alternative cases, the method 230 may be similarly used
for a different combination of amplifiers of a VGA.
[0084] In block 232, the processor 12 receives an in-
dication to amplify a signal with a gain. For example, the
processor 12 may receive an indication to amplify the
received signal 80 of FIG. 4, the outgoing signal 60 of
FIG. 3, or a different signal using a VGA (e.g., the VGA
100 of FIG. 5). In block 234, the processor 12 determines
one or more selectable amplifiers of the VGA to amplify
the signal with the received gain. As mentioned above,
output signals of the selected amplifiers may have an
additive effect when combined. For example, the proc-
essor 12 may determine the amplifiers 102, 104, 106, or
a combination of the amplifiers 102, 104, and 106 of the
VGA 100 to amplify the signal with the received gain.
[0085] In block 236, the processor 12 causes a biasing
circuit to provide a bias voltage higher than a bias voltage
threshold to activate the one or more selected amplifiers
to amplify the signal with the gain. For example, the proc-
essor 12 may close the switches 126, 128, and/or 130
at the first state of the selected amplifiers 102, 104, and/or
106. As such, the processor 12 may couple the second
amplifier inputs 122-1, 122-2, and/or 122-3 of the select-
ed amplifiers 102, 104, and/or 106 to the biasing circuit
124. Accordingly, the selected or activated amplifiers
102, 104, and/or 106 may each amplify the received sig-
nal based on receiving the biasing voltage.
[0086] At block 238, the processor 12 causes the sub-
threshold biasing circuit to provide a nonzero subthresh-
old bias voltage below the bias voltage threshold to one
or more remaining (e.g., non-selected) amplifiers of the
VGA 100 to deactivate the remaining amplifiers. For ex-
ample, the processor 12 may close the switches 126,
128, and/or 130 at the second state of the remaining am-
plifiers 102, 104, and/or 106. As such, the processor 12
may couple the second amplifier inputs 122-1, 122-2,
and/or 122-3 of the remaining amplifiers 102, 104, and/or
106 to the subthreshold biasing circuit 132 to deactivate
the remaining amplifiers 102, 104, and/or 106. Accord-
ingly, the one or more deactivated amplifiers of the VGA
100 may provide the distortion cancelling signal to reduce
an amplitude of (or cancel) the distortion signals of the
amplified signals (e.g., or the combined amplified signal
of the VGA 100).
[0087] At block 240, the processor 12 causes the VGA
100 to output a combination of output signals of the am-
plifiers 102, 104, and/or 106. Accordingly, the VGA 100
may combine the amplified signals and the distortion sig-
nals of the activated and deactivated amplifiers 102, 104,
and/or 106 to provide the VGA output signal with reduced
distortion. As mentioned above, the distortion cancelling
signals may reduce or cancel the distortion signals of the
activated amplifiers 102, 104, and/or 106. As such, an
amplitude (e.g., electrical power) of the distortion signal
of the VGA output signal may be reduced based on pro-
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viding the nonzero subthreshold bias voltage to the de-
activated amplifiers 102, 104, and/or 106 of the VGA 100.
The processor 12 may determine or retrieve the nonzero
subthreshold bias voltage and/or the configuration of the
deactivated amplifiers 102, 104, and/or 106 of the VGA
100 receiving the nonzero subthreshold bias voltage from
the lookup table stored in the memory 14, nonvolatile
storage 16, or any other viable storage of the electronic
device 10.
[0088] FIG. 9 depicts a graph of electrical powers 260
(e.g., in dB) of compensated distortion signals 204-1,
204-2, and 204-3 provided by different VGAs 100-1,
100-2, and 100-3 of FIG. 5. The VGAs 100-1, 100-2, and
100-3 may correspond to VGAs 100 having similar sche-
matics with different component properties and/or man-
ufacturing process variations. In particular, amplifiers
102, 104, and 106 of each of the different VGAs 100 may
receive the bias voltage (VT) to become activated. More-
over, remaining amplifiers 102, 104, and 106 of each of
the different VGAs 100 may receive a range of nonzero
subthreshold bias voltages (VST) 262 to compensate for
distortion signals 202 of the different VGAs 100-1, 100-2,
and 100-3 of FIG. 5.
[0089] As mentioned above, the subthreshold biasing
circuit 132 may provide the range of nonzero subthresh-
old bias voltages (VST) 262 (e.g., including the one or
more nonzero subthreshold bias voltages (VST)). In some
cases, the processor 12 may provide one or more control
signals to provide the range of nonzero subthreshold bias
voltages (VST) 262 based on controlling the current
source 184 and/or the switches 182 of the subthreshold
biasing circuit 132. That is, the processor 12 may adjust
the current source 184 and/or the switches 182 to provide
different nonzero subthreshold bias voltages (VST) 262,
which may, in turn result in varying the amount of com-
pensation of the distortion signals 202. The processor 12
may provide one or more control signals to provide the
range of nonzero subthreshold bias voltages (VST) 262
in calibration mode, during a start-up sequence of an
electronic device 10 including the VGA 100, during man-
ufacturing, and so on.
[0090] In any case, the processor 12, or any other vi-
able processing circuit internal or external to the elec-
tronic device 10, may select a nonzero subthreshold bias
voltages (VST) (e.g., 7 mV, 8 mV, 9 mV, 10 mV, 7 mV, 8
mV, 9 mV, 10 mV, and so on) of the range of nonzero
subthreshold bias voltages (VST) 262. For example, the
processor 12 may provide the selected nonzero sub-
threshold bias voltages (VST) to cause higher compen-
sation of the distortion signals 202. For example, the
processor 12 may provide the selected nonzero sub-
threshold bias voltages (VST) such that the VGAs 100-1,
100-2, and 100-3 may provide the compensated distor-
tion signals 204-1, 204-2, and 204-3, respectively, with
the lowest electrical power (e.g., -65 dB, -70 dB, -75 dB,
-80 dB, -85 dB, -90 dB, -95 dB, and so on).
[0091] The specific embodiments described above
have been shown by way of example, and it should be

understood that these embodiments may be susceptible
to various modifications and alternative forms. It should
be further understood that the claims are not intended to
be limited to the particular forms disclosed, but rather to
cover all modifications, equivalents, and alternatives fall-
ing within the spirit and scope of this disclosure.
[0092] The techniques presented and claimed herein
are referenced and applied to material objects and con-
crete examples of a practical nature that demonstrably
improve the present technical field and, as such, are not
abstract, intangible or purely theoretical. Further, if any
claims appended to the end of this specification contain
one or more elements designated as "means for [per-
form]ing [a function]..." or "step for [perform]ing [a func-
tion]...," it is intended that such elements are to be inter-
preted under 35 U.S.C. 114(f). However, for any claims
containing elements designated in any other manner, it
is intended that such elements are not to be interpreted
under 35 U.S.C. 114(f).
[0093] It is well understood that the use of personally
identifiable information should follow privacy policies and
practices that are generally recognized as meeting or
exceeding industry or governmental requirements for
maintaining the privacy of users. In particular, personally
identifiable information data should be managed and
handled so as to minimize risks of unintentional or unau-
thorized access or use, and the nature of authorized use
should be clearly indicated to users.
[0094] Exemplary variable gain amplifier circuits,
methods, and electronic devices are set out in the follow-
ing items.

1. A variable gain amplifier circuit, comprising:

an input terminal;
an output terminal;
a biasing circuit configured to provide a bias volt-
age equal to or above a bias voltage threshold;
a subthreshold biasing circuit configured to pro-
vide a subthreshold nonzero bias voltage below
the bias voltage threshold;
a first amplifier having a first input coupled to the
input terminal, a second input configured to cou-
ple to the biasing circuit, and a first output cou-
pled to the output terminal; and
a second amplifier having a third input coupled
to the input terminal, a fourth input configured
to couple to the subthreshold biasing circuit, and
a second output coupled to the output terminal.

2. The variable gain amplifier circuit of item 1, where-
in the first amplifier is configured to amplify an input
signal of the first input to provide an amplified signal
via the first output when the biasing circuit is coupled
to the second input.

3. The variable gain amplifier circuit of item 2, where-
in the amplified signal comprises one or more dis-
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tortion signals, wherein the second amplifier is con-
figured to provide a distortion cancelling signal via
the second output to reduce an amplitude of at least
one of the one or more distortion signals when the
subthreshold biasing circuit is coupled to the fourth
input.

4. The variable gain amplifier circuit of item 1, com-
prising a third amplifier having a fifth input coupled
to the input terminal, a sixth input configured to cou-
ple to the subthreshold biasing circuit, and a third
output coupled to the output terminal.

5. The variable gain amplifier circuit of item 4, where-
in the first amplifier is configured to amplify an input
signal of the first input to provide an amplified signal
via the first output when the second input is coupled
to the biasing circuit, the amplified signal comprising
one or more distorted signals, wherein the second
amplifier is configured to provide a first distortion
cancelling signal via the second output to reduce an
amplitude of at least one of the one or more distortion
signals when the fourth input is coupled to the sub-
threshold biasing circuit, and the third amplifier is
configured to provide a second distortion cancelling
signal via the third output to reduce an amplitude of
at least one of the one or more distortion signals
when the sixth input is coupled to the subthreshold
biasing circuit.

6. The variable gain amplifier circuit of item 1, com-
prising a switch configured to couple the fourth input
to the biasing circuit in a first state and to the sub-
threshold biasing circuit in a second state.

7. The variable gain amplifier circuit of item 6, where-
in the switch is configured to couple the fourth input
to ground in a third state.

8. The variable gain amplifier circuit of item 1, where-
in the subthreshold biasing circuit comprises a plu-
rality of transistors configured to couple to a current
source, wherein the subthreshold biasing circuit is
configured to provide the subthreshold nonzero bias
voltage based on coupling one or more transistors
of the plurality of the transistors to the current source.

9. The variable gain amplifier circuit of item 8, where-
in the current source is coupled to the biasing circuit
to receive a feedback current, wherein the current
source is configured to provide an electrical current
to the one or more transistors of the plurality of the
transistors based on receiving the feedback current.

10. An electronic device comprising:

one or more antennas, and
a variable gain amplifier coupled to the one or

more antennas having:

a first amplifier having a first input config-
ured to receive a bias voltage equal to or
greater than a bias voltage threshold to pro-
vide an amplified signal with one or more
distortion signals, and
a second amplifier having a second input
configured to receive a subthreshold nonze-
ro bias voltage below the bias voltage
threshold to provide a first distortion cancel-
ling signal.

11. The electronic device of item 10, wherein the
variable gain amplifier comprises a switch config-
ured to couple the first input to a biasing circuit in a
first state to receive the bias voltage and to a sub-
threshold biasing circuit in a second state to receive
the subthreshold nonzero bias voltage.

12. The electronic device of item 11, comprising a
processor configured to provide one or more control
signals indicative of the first state or the second state
to the switch, wherein the switch couples the second
input to the biasing circuit when the one or more con-
trol signals indicate the first state and couples the
second input to the subthreshold biasing circuit when
the one or more control signals indicate the second
state.

13. The electronic device of item 10, wherein the first
amplifier is configured to provide the amplified signal
with the one or more distortion signals when coupled
to a biasing circuit and the second amplifier is con-
figured to provide the first distortion cancelling signal
when coupled to a subthreshold biasing circuit to re-
duce an amplitude of at least one of the one or more
distortion signals of the amplified signal.

14. The electronic device of item 10, comprising a
third amplifier having a third input configured to re-
ceive the subthreshold nonzero bias voltage to pro-
vide a second distortion cancelling signal, wherein
the first distortion cancelling signal and the second
distortion cancelling signal may reduce an amplitude
of at least one of the one or more distortion signals
of the amplified signal.

15. The electronic device of item 14, wherein the first
input is configured to couple to a biasing circuit to
provide the amplified signal and the one or more dis-
tortion signals, the second input is configured to cou-
ple to a subthreshold biasing circuit to provide the
first distortion cancelling signal to reduce the ampli-
tude of at least one of the one or more distortion
signals, and the third amplifier is configured to couple
to the subthreshold biasing circuit to provide the sec-
ond distortion cancelling signal to reduce an ampli-
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tude of at least one of the one or more distortion
signals.

16. A method comprising:

receiving, by a processor communicatively cou-
pled to a variable gain amplifier circuit, an indi-
cation to amplify a signal with a gain,
determining, by the processor, one or more am-
plifiers of the variable gain amplifier circuit to pro-
vide the signal with the gain,
causing, by the processor, a biasing circuit to
provide a bias voltage greater than or equal to
a bias voltage threshold to the one or more am-
plifiers to amplify the signal with the gain,
causing, by the processor, a subthreshold bias-
ing circuit to provide a subthreshold nonzero bi-
as voltage less than the bias voltage threshold
to one or more remaining amplifiers of the vari-
able gain amplifier circuit to supply a distortion
cancelling signal to cancel at least a portion of
distortions in the signal as amplified,
causing, by the processor, the variable gain am-
plifier to output a combination of the signal and
the distortion cancelling signal.

17. The method of item 16, comprising referencing,
by the processor, a lookup table to determine the
one or more amplifiers of the variable gain amplifier
circuit based on receiving the indication to amplify
the signal with the gain.

18. The method of item 16, comprising referencing,
by the processor, a lookup table to determine the
one or more remaining amplifiers of the variable gain
amplifier circuit based on receiving the indication to
amplify the signal with the gain and the determining
the one or more amplifiers to amplify the signal with
the gain.

19. The method of item 16, wherein causing, by the
processor, the biasing circuit to provide the bias volt-
age to the one or more amplifiers comprises provid-
ing one or more control signals to couple a supply
voltage input of the one or more amplifiers to the
biasing circuit.

20. The method of item 16, wherein causing, by the
processor, the subthreshold biasing circuit to provide
the subthreshold nonzero bias voltage to the one or
more remaining amplifiers comprises providing one
or more control signals to couple a supply voltage
input of the one or more remaining amplifiers to the
subthreshold biasing circuit.

[0095] The foregoing description, for purpose of expla-
nation, has been described with reference to specific em-
bodiments. However, the illustrative discussions above

are not intended to be exhaustive or to limit the invention
to the precise forms disclosed. Many modifications and
variations are possible in view of the above teachings.
The embodiments were chosen and described in order
to best explain the principles of the invention and its prac-
tical applications, to thereby enable others skilled in the
art to best utilize the invention and various embodiments
with various modifications as are suited to the particular
use contemplated.

Claims

1. A variable gain amplifier circuit, comprising:

an input terminal;
an output terminal;
a biasing circuit configured to provide a bias volt-
age equal to or above a bias voltage threshold;
a subthreshold biasing circuit configured to pro-
vide a subthreshold nonzero bias voltage below
the bias voltage threshold;
a first amplifier having a first input coupled to the
input terminal, a second input configured to cou-
ple to the biasing circuit, and a first output cou-
pled to the output terminal; and
a second amplifier having a third input coupled
to the input terminal, a fourth input configured
to couple to the subthreshold biasing circuit, and
a second output coupled to the output terminal.

2. The variable gain amplifier circuit of claim 1, wherein
the first amplifier is configured to amplify an input
signal of the first input to provide an amplified signal
via the first output when the biasing circuit is coupled
to the second input.

3. The variable gain amplifier circuit of claim 2, wherein
the amplified signal comprises one or more distortion
signals, wherein the second amplifier is configured
to provide a distortion cancelling signal via the sec-
ond output to reduce an amplitude of at least one of
the one or more distortion signals when the sub-
threshold biasing circuit is coupled to the fourth input.

4. The variable gain amplifier circuit of any of the pre-
ceding claims, comprising a third amplifier having a
fifth input coupled to the input terminal, a sixth input
configured to couple to the subthreshold biasing cir-
cuit, and a third output coupled to the output terminal.

5. The variable gain amplifier circuit of claim 4, wherein
the first amplifier is configured to amplify an input
signal of the first input to provide an amplified signal
via the first output when the second input is coupled
to the biasing circuit, the amplified signal comprising
one or more distorted signals, wherein the second
amplifier is configured to provide a first distortion
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cancelling signal via the second output to reduce an
amplitude of at least one of the one or more distortion
signals when the fourth input is coupled to the sub-
threshold biasing circuit, and the third amplifier is
configured to provide a second distortion cancelling
signal via the third output to reduce an amplitude of
at least one of the one or more distortion signals
when the sixth input is coupled to the subthreshold
biasing circuit.

6. The variable gain amplifier circuit of any of the pre-
ceding claims, comprising a switch configured to
couple the fourth input to the biasing circuit in a first
state and to the subthreshold biasing circuit in a sec-
ond state.

7. The variable gain amplifier circuit of claim 6, wherein
the switch is configured to couple the fourth input to
ground in a third state.

8. The variable gain amplifier circuit of any of the pre-
ceding claims, wherein the subthreshold biasing cir-
cuit comprises a plurality of transistors configured to
couple to a current source, wherein the subthreshold
biasing circuit is configured to provide the subthresh-
old nonzero bias voltage based on coupling one or
more transistors of the plurality of the transistors to
the current source.

9. The variable gain amplifier circuit of claim 8, wherein
the current source is coupled to the biasing circuit to
receive a feedback current, wherein the current
source is configured to provide an electrical current
to the one or more transistors of the plurality of the
transistors based on receiving the feedback current.

10. A method comprising:

receiving, by a processor communicatively cou-
pled to a variable gain amplifier circuit, an indi-
cation to amplify a signal with a gain,
determining, by the processor, one or more am-
plifiers of the variable gain amplifier circuit to pro-
vide the signal with the gain,
causing, by the processor, a biasing circuit to
provide a bias voltage greater than or equal to
a bias voltage threshold to the one or more am-
plifiers to amplify the signal with the gain,
causing, by the processor, a subthreshold bias-
ing circuit to provide a subthreshold nonzero bi-
as voltage less than the bias voltage threshold
to one or more remaining amplifiers of the vari-
able gain amplifier circuit to supply a distortion
cancelling signal to cancel at least a portion of
distortions in the signal as amplified,
causing, by the processor, the variable gain am-
plifier to output a combination of the signal and
the distortion cancelling signal.

11. The method of claim 10, comprising referencing, by
the processor, a lookup table to determine the one
or more amplifiers of the variable gain amplifier cir-
cuit based on receiving the indication to amplify the
signal with the gain.

12. The method of any of claims 10-11, comprising ref-
erencing, by the processor, a lookup table to deter-
mine the one or more remaining amplifiers of the
variable gain amplifier circuit based on receiving the
indication to amplify the signal with the gain and the
determining the one or more amplifiers to amplify the
signal with the gain.

13. The method of any of claims 10-12, wherein causing,
by the processor, the biasing circuit to provide the
bias voltage to the one or more amplifiers comprises
providing one or more control signals to couple a
supply voltage input of the one or more amplifiers to
the biasing circuit.

14. The method of any of claims 10-13, wherein causing,
by the processor, the subthreshold biasing circuit to
provide the subthreshold nonzero bias voltage to the
one or more remaining amplifiers comprises provid-
ing one or more control signals to couple a supply
voltage input of the one or more remaining amplifiers
to the subthreshold biasing circuit.
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